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(57) Abstract

The invention relates to a hydrsulically actu-
atable expander (1) for straightening aod repalring
partially collapsed pipelines. In order to obtain s
high straightening force, it comprises: at least one
clongated cylinder housing (2) with a central loagi-
tudinal axis (7-7) and one or a phurality of cylinder
bores or cylinder sleeves (8) in a single section trans-
verse to said longitndinal axis (7-7) a piston inserted
in each cylinder bore or each cylinder sleeve (8),
said piston being connected to a hydmlic channel

thereto, at least two synchronizing mechanisms ar-
ranged st regular intervals in the loagitudinal direc-
tion of the cylinder housing and being connected to
the expander segments (10) in such a manner that all
said expander segments expand synchronously to the
same cxtent, where said two synchronizing mecha-
nisms furthermore are interconnected such that the
expmdamn(m)moexpndbhmn-
=t ition of coe_svnchronirine mechanism

@PJL USTATUS DEVICE = ON
@PJL USTATUS TIMED = 0




" | enism.

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
Internationa) Burean
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) Internationsi Patent Classification 6 : (11) taternstional Publication Number: WO 97711306
A .
FI6L 55165 1 (43) International Publication Date: 27 March 1997 (27.03.97)

(21) International Application Number: PCT/DK96/00393

18 September 1996 (18.09.96)

(12) International Filing Date:
(30) Priority Data:
1039195 19 Scptember 1995 (19.09.95) DK

(71)(72) Applicant and Inventor: KNUDSEN, Jens, Christian,
Haugasrd (DK/DK]; Lokesvej 19, DK-3140 Alsgarde (DK).

(74) Agent: CHAS. HUDE A/S; H.C. Andersens Boulcvard 33, DK-
1553 Copenhagen V (DK).

(81) Designated States: AL, AM, AT. AU, AZ, B BG
BY, CA, CH, CN, CU, CZ, DE , GB,
HU, 1L, Is, /P, KE, KG, KP, KR, KZ, LC, LK. LR,

T

g
R
R
n>
R

LT, LU, LV, MD, MG, MK, MN,
PT, RO, RU, SD, SE, $G, S SK. TJ, T™M,
UG, US, UZ, VN, ARIPO patent (KE, LS,

UG), Eurasian patent (AM, AZ, BY, KG RU,

TM), Buropean patent (AT, BE, CH, DE, DK, ES, F1, FR.
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI paient (BF.
BJ, CF, CG, C1, CM, GA, GN, ML, MR, NE, SN, TD, TG),

Puoblished
With (nsernational search repors.

"| said piston being connected to a bydrmulic channel
-| thereto, at least two

- | the expander segments (10) in such a manner that al}

| sare cxteut, where said two synchronizing mecha-
| nisms furthermore are interconnected such that the

(54) Tide: HYDRAULICALLY ACTUATABLE EXPANDER
(57) Abstract

The invention relates 1o a hydrsulically actu-
amble expander (1) for straightening and repatring
partially colapsed pipelines. In order to obtain s
high stnightening force, it comprises: st least one
clongated cylinder housing (2) with a central longi-
tudinal axis (7-7) and one or s phulity of cylinder
bores o cylinder sheeves (8) in a single section trans-
vene to said longitudinal axis (7-7); a piston inserted
in each cylinder bare or each cylinder sleeve (B),

for the expansion of expander segments (10) secured

synchronizing mechanisms ar-
manged at regular intervals in the longitudinal direc-
tion of the cylinder howsing and being connected to
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1
Tit! : Hydraulically actuatable expander,

Technical F_ield.

The invention relates to a hydraulically actuatable expander of the type
described in the preamble of claim 1.

Backaround Art

DK-PS No. 160,578B discloses an apparatus for expanding an undei-
ground passageway, such as a sewer, or for removing irregularities therein
while moving through said passageway. The known apparatus comprises
an expandable, segmented section with a series of shell parts or shell
elements placed around a longitudinal axis on the apparatus, and with
associated outwardly directed surface sections engaging the sides of the
passageway. These shell parts are movabls in the lateral direction relative
to the longitudinal axis from a concentrated configuration to an expanded
configuration in such a manner that they press against the side of thé
passageway or the sewer. Furthermore, the a‘ppatatus comprises a nose
part extending in the longitudinal axis in froht of the segmented section
and having an outer surface for the engagement with the sides of the
passageway in front of the segmented section. This apparatus comprises
a large number of interconnected bars serving to .alternately expand the
segmented section and the nose part in such a manner that the sewer is
expanded while the apparatus is allowed to pass through said sewer. The
bars are moved by means of a hydraulic jack accommodated inside the
apparatus, said jack being actuated in the longitudinal direction of the
apparatus. Thus the apparatus can bs forced through the sewer or the
pipeliné by a repeated actuation of the hydraulic jack with the indicated
positioning, said jack being alternately connected and disconnected at
éach stroke by means _of a chain or a wire connected to the apparatus

through the pipeline. While the apﬁaratus is pulled through the pipeline, a
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pipe liner of a corresponding diameter is simultaneously pulled after the
apparatus through the pipeline. As a result, the pipeline is straightened and

repaired.

DK Patent Application No. 285/88 discloses an apparatus of a correspond-
ing nature which has been further developed such that no loose particles
of material from the wall of the pipel_ine penetrate into the apparatus
between the shell elements, sald shell elements being shaped and arranged

so-as to overlap one another slso during the expansion.

Brief Description o‘I the Invention

The object of the present invention is to provide a hydraulically actuatable
expander of the above type which possesses a very high expansion force,
which avoids the problem of penetrating loose particles of material from
the wall of the pipeline or the ground, and which is capable of leaving the
straightened pipeline in a supported state in such a manner that it is ready
for a final repair or has been prepared for a specific repair prior to insertion’

of a new synthetic lining.

This object is according to the invention cbtained by the hydraulically
actuatable expander comprising the subject matter stated in the

characterising clause of claim 1.
raw;

The invention is described in greater detail below with reference to the
accompanying drawing illustrating an embodiment according to the inven-

tion, and in which

Fig. 1 is a longitudinal sectional view.taken along the line A-A of Fig.. 2 of -

a hydraulically actuatable expander according-to ‘the inveption,
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3
Fig. 2 is al ft end view of th expander of Fig. 1,

Fig. 3 is a right end view of the expander of Fig. 1,

Fig. 4 is a cross-sectional view taken along the line B-B through the
expander of Fig. 1,

Fig. 5 illustrates the same view as Fig. 4 when the expander enters an
expanded state, ’

Fig. 6 is a cross-sectional view taken along the line C-C through the
expander of Fig. 1,

Fig. 7 illustrates the same view as Fig. 6 when the expander enters an

expanded state,

Fig. 8 illustrates on a larger scale the same view as Fig. 4,

Fig. 9 illustrates on a larger scale the same view as Fig. 5,

Fig. 10 illustrates on a larger scale the same view as Fig. 6,

Fig. 11 illustrates on a lgrger scale the same view as Fig. 7,

Fig. 12 is like Fig. 2 a left end view of the expander, but on a larger scale
and with a flexible plate arranged around the expander and provided with
overlapping edges and lockinq means adjacent said edges,

Fig. 13 illustrate the same view as Fig. 12 when the expander enters an

expanded state and the locking means at the two edges of the plate have
entered a locking engagement with one another, and
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Fig. 14 illustrates on a larger scale the area indicated by means of the
circle D in Fig. 13 of the mutually engaging locking means.

Best Mode for Carrying Qut the Invention

Fig. 1 illustrates a hydraulically actuatable expander according to the
invention, but without the flexible plate which must be left in a
straightened pipeline.The expander 1 comprises an elongated cylinder
housing 2, which in the illustrated embodiment is made of four intercon-
nected modules assembled by means of through stay bolts, each end of
said stay bolts being indicated by means of 3 and 4, respectively. Such a
module is shown with hatched lines immediately to the right of the sec-
tional line B-B of Fig. 1. This module comprises three bores in each of the
two sections succeeding one another in the longitudinal direction. The
subsequent three modules are correspondingly structured. The elongated
cylinder housing 2 is thus made of these four modules, and in the illu-
strated embodiment it is manufactured with a hexagonal surface 5 and a
eylindrical longitudinal perforation 6, the axis of which coincides with the

central longitudinal axis 7-7 of the expander.

The above bores are produced in a plane hexagonal side or surface 5 and
are directed towards the central longitudinal axis. Thus a total of twenty—
four bores applies, and a cylinder slesve 8 is inserted in each of these
bores.

In the illustrated embodiment, the three cylinder slesves 8 in a single
section have been mutually staggered 120°, and the cylinder sleeves in a
section have been staggered 60°relative to the cylinder sleeves of an
adjacent section. Instead of placing the cylinder sleeves 8 in the above
bores in the cylinder housing 2, it is, of courss, possible to manufacture a

suitable cylinder bore aliowing a direct insertion of a piston.
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The illustrated emb dirﬁent with cylinder sieeves 8 is such that a piston 9
is inserted in each sleave, The piston surface of each piston 9 facing away
from the longitudinal axis is secured on an expander segment 10 partially
surrounding the cylinder housing 2. A total of six such expander segments
10 applies, sach expander segment being circular in such a manner that in
the assembled state of the of the expander 1 they abut one another com-
pletely or substantially along their edges extending in the longitudinal
direction so as to form a closed cylindrical surface. Thus four pistons 9 are
secured to each of the six expander segments 10, cf. in particular, Fig. 1.

The -bores 6 allow a feeding of pressurised hydraulic oil to the piston
surface facing the longitudinal axis in such a manner that said bore 6
forms part of a hydraulic pipeline for the feeding of said hydraulic oil pres-
sure.

When hydraulic pressure is applied for expanding the pistons 9 and
consequently the expander segments 10 secured to said pistons, the
diameter of the cylinder formed by the expander segments is increased, és
shown in Figs. and 7 and on a lérger scale in the corresponding Figs. 9
and 10. As a result, spaces 11 are formed bstween the longitudinal edges
of the individual expander segments 10.

Now you can imagine that some of the expander segments 10 face less
resistance than other segments from the collapsed pipeline into which the
hydraufically actuatable expander is inserted so as to straighten and repair
- said pipeline. It is also possible to image that the resistance to the expan-
sion of an expander segment 10 is stronger at one end of said expander
segment than at the opposite end. Therefore a risk exists that the
expande'r.segments 10 are not always positioned on the same circular arc
or that the expander does not maintain its circular-cylindrical shape, but

becomes frusto-conical.
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Therefore at least two synchronizing mechanisms are provided, cf. Fig. 4
showing the folded state of the expander and Fig. 5 showing the
expanded state of said expander. The same synchronizing mechanisms are
shown on a larger scale in Figs. 8 and 9, respectively. The synchronizing
mechanism shown in Figs. 4, 5, and 8, 9 is as shown arranged at the
sectional line B-B where the first module begins. A second corresponding
synchronizing mechanism is arranged at the location where the last mod-
ule ends in such a manner that the two synchronizing mechanisms are

symmetrically arranged around the transverse centre of the expander.

Each synchronizing mechanism comprises a synchronizing disk 12
arranged coaxially with the central longitudinal axis of the expander. The
synchronizing disk 12 is pivotally connected to each of the expander
segments 10 or to a disk segment 13 secured thereto by means of respec-
tive synchronizing arms 14. The illustrated embodiment includes thus six
synchronizing arms 14. One end of each synchronizing arm 14 is pivotally

journalled on the synchronizing disk 12 at bearings 15 arranged at the

. same mutual angular distance, here 60° and at the same distance from the

20

25

centre of the disk. The other end of the synchronizing arms 14 is pivotally
journalled in bearings 16 in the respective disk segment 13 on each of the
expander sagments. As illustrated in the drawing, the synchronizing arms
14 are arranged alternately on one side and the opposite side of the syn-
chronizing disk 12. It appears from Figs. 5 and 9, that when the expander
expands the synchronizing disk 12 turns counter-clockwise, cf. Figs. 4, 5,
8, and 9.

It appears furthermore that the individual expander segments 10 are bound

to expand iri the same extent all the time.

As stated above, the expander 1 comprises at least one additional syn-
chronizing mechanism of a completely identical structure. The synchroniz-

ing mechanisms are interconnected by means of a shaft 17 extending in
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the ¢ ntral longitudinal axis of the expander through a ¢ ntral opening in
each of the synchronizing disks 12 and being secured thereto by means of
keyway connections 18. As a result, the synchronizing disks 12 intercon-
nected by means of the shaft 17 are forced to turn the same number of
degrees counterclockwise during the expansion of the expander. Therefore
the expander segments are expanded to the same extent opposite each of
the two synchronizing mechanisms, and consequently the expander main-
tains its circular-cylindrical shape during the entire expansion irrespecﬁve

of whether it faces more resistance at some areas than at other areas.

As illustrated in Figs. 12 and 13, a flexible plate 19 with overlapping
edges 20 and 21 is arranged around the expander 1. This plate extends in
the entire longitudinal direction of the expander and covers thus both the
expander segments 10 and the spaces 11 resulting between said expander
segments 10 when the expander 1 expands. The plate 19 is preferably a
stainless rolled plate, but it cah,.of course, also be a plate of any other
material, such as plastics. Locking means 22 and 23, respectively, are
provided adjacent each of the overlapping edges 20, 21 of the plate, cf.
Figs. 12 and 13. The locking means 22 and 23 are adapted to automatic-
ally enter a locking engagement when the desired straightaning of the
pipeline has been completad. When the expander has expanded to such an
extent that the pipeline has been straightened, the two locking means 22
and 23 arranged on their respective sides of the pate 19 mest and position
themselves atop one another as shown in Figs. 13 and more clearly in Fig.
14. The locking means 22, 23 can for instance as it is known be grooves
and projections, respectively, in the surface of the plate 19, but it is ac-
cording to the invention preferred that said locking means are provided in

v form of a strong dual lock traded under the Trade Mark Dual Lock.

It turned out that locking means 22, 23 of this type are highly suitable for
maintaining the plate 19 in the expanded state after the expander has °

been caused to contract so that it can be removed from the location in
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question inside the pipeline. Thus the plate 19 forms a plate cylinder
supporting the damaged, but straighte.ned pipeline when the expander |
contracts and is removed. Long pipelines can be ‘straightened by repeating
the process, and the inserted plate cylinders 19 can be used for the final
repair or as preparation for a local repair prior to the insertion of a new

plastic lining into a pipeline.

All the illustrated twenty-four piston cylinder arrangements are of the
same .type for practxcal reasons because they are double-acung As a
result, they can all assist in the active withdrawal of the expander from
the expanded state. It is, of course, obvious that the expander segments
or some of said expander segm'ents may be of a single-effect type. The
feeding of the pressurized hydraulic oil is as stated above performed
through the bore 6 while the supply of oil pressure for the returning of the
pistons 9 is performed through channels 24 in the cylinder housing. As
shown in Fig. 10, this hydraulic pressure acts on the opposite side 25 of

each piston.

When cylinder sleeves 8 are used for surrounding the pistons 9 it is ob-
vious that it is easy to replace these cylinder sleeves 8 by other cylinder
sleaves in such a manner that it is possible :to obtain a larger stroke and
accordi'ngly to use the sxpander for straightening pipelines of a larger

diameter.
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Claims

1. A hydraulically actuatable expander for suaightehing and repairing
partially collapsed pipelines by way of an insertion therein and with a
flexible plate with overlapping edges arranged around the expander, as
well as locking means adjacent each overlapping edge of the plate, said
locking means automatically entering a locking engagement when the
desired straightening of the bipeline has been obtained, charac-
terised in that the expander comprises:‘

at least one elongated cylinder housing with a central longitudinal axis and
one or a piurality of cylinder bores or cylinder sleeves in a single section
transverse to said longitudinal axis,

a piston inserted in each cylinder bore or each cylinder slesve, whereby
the piston surface of said piston facing away from the longitudinal axis is
secured on an expander segment partially surrounded by the cylinder
housing, and where the piston surface facing the longitudinal axis com-
municates with a hydraulic channel for the supply of hydraulic pressure for
the expansion of th'e pistons and consequently of the éxpander segments
secured thereto, said expander segments together surrounding the cylinder
housing, wherein the flexible plate continuously covers the expander
segments and the spaces therebetween during the expansion, and

at least two synchronizing mechanisms arranged at regular intervals in the
longitudinal direction of the cylinder housing and being connected to the
expander segments in such a manner that all said expander segments
expand synchronously to the same extent, where said two synchronizing
mechanisms furthermore are interconnected such that the expander seg-
ments also expand to the same extent at the position of one synchronizing

mechanism as at the position of the second synchronizing mechanism.
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2. Expander as claimedinclaim 1, characterised in thatitcom-
prises several cylinder bores or cylinder sieeves in a common section of
the cylinder housing, said cylinder bores or said cylinder sleeves being

arranged at a regular angular distance.

3. Expander as claimed inclaim 1or2, characterised in that the
cylinder housing comprises several sections succeeding one another in the
longitudinal direction of said cylinder housing, said sections forming a

module.

4, Expander as claimed.inclaim 3, characterised in that the

cylinder housing is made of several interconnected modules.

5. Expander as claimed in claims 2to 4, characterised inthatit
comprises four modules, each modules comprising two sections with three
cylinder sleaves provided with their respective pistons.

6. Expander 8s claimed inclaims 1to 5, characterised inthatit
comprises two synchronizing mechanisms, each synchronizing mechanism
being provided with a synchronizing disk pivotally connected to each
expander segment by means of a plurality of synchronizing arms, where
one end of said synchronizing arms is pivotally connected to the synchron;
izing disk and the opposite end is pivotally connected to an expander
segment, whereby the synchronizing disks of said two synchronizing
mechanisms are permanently interconnected by means of a shaft extend-

ing in the central longitudinal axis of the expanding.

7. Expander as claimed in claims 1t0 6, characterised in that
the flexible plate is a roiled steel plate.

25 8. Expander as claimed in c]aim?. characterised inthatthe .
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locking means adjacent each of the overlapping edges of the plate are
formed by a dual lock, such as a Dual Lock.
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In each cylinder bore or each cylinder sleeve (8),
| said piston being connected to a bydrlic channel
for the expansion of expander segments (10) secured

synchronizing mechanisms ar-
ranged st regular intervals in the longitudinal direc-
tion of the cylinder housing aad being connected to
the expander segments (10) in such a manner that al)
-} sald expunder segments expand synchronously to the
'} same extent, where said two synchronizing mecha-
nisms furthermore are interconnected such that the
expander segments (10) also expand to the same ex-
tent at the pasition of one synchronlring mechanism
as st the position of the second synchronlzing mech.
anism. .
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Title: Hydraulical tuatable expande

Technical Field.

The invention relates to a hydraulically actuatable expander of the type

described in the preamble of claim 1.

5 Background Art

10

15

20

25

DK-PS No. 160,678B discloses an apparatus for expanding an under-
ground passageway, such as a sewer, or for removing irregularities therein
while moving through said passageway. The known apparatus comprises
an expandable, segmented section with a series of shell parts or shell
elements placed around a longitudinal axis on the apparatus, and with
associated outwardly directed surface sections engaging the sides of the
passageway. These shell parts are movable in the lateral direction relative
to the longitudinal axis from a concentrated configuration to an expan’ded
-configuration in such a manner that they press againﬁ the side. of the
passageway or the sewer, Furthermore, the a‘pparatus comprises a nose
part extending in the longitudinal axis in front of the segmented section
and having an outer surface for the engagement with the sides of the
passageway in front of the segmented section. This apparatus comprises
a large number of interconnected bars serving to alternately expand the
segmented section and the nose part in such a manner that the sewer is
expanded whils the apparatus is allowed to pass through said sewer. The
bars are moved by means of a hydraulic jack'accommodated inside the
apparatus, said jack 'baing actuated in the longitudinal direction of the
apparatus. Thus the apparatus can be forced through the sewer or the
pipeliné by a repeated actuation of the hydraulic jack with the indicated
positioning, seaid jack being alternately connected and disconnected at

éach stroke by means Vof a chain or a wire connected to the apparatus

through the pipeline. While the apparatus is pulled through the pipeline, a
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pipe liner of a ¢ rresponding diameter is simultaneously pulled after the
apparatus through the pipeline. As a result, the pipeline is straightened and

repaired.

DK Patent Application No. 285/88 discloses an apparatus of a correspond-
ing nature which has been further developed such that no loose particles
of material from the wall of the pipeline penetrate into the apparatus
between the shell elements, sald shell elements being shaped and arranged

so as to overlap one another also during the expansion.

Brief Description e Inventio

The object of the present invention is to provide a hydraulically actuatable
expander of the above type which possesses a very high expansion force,
which avoids the problem of penetrating loose particles of material from
the wall of the pipsline or the ground, and which is capable of leaving the
straightened pipeline in a supported state in such a manner that it is ready
for a final repair or has been prepared for a specific repair prior to insertion

of a new synthetic lining.

This object is according to the invention obtained by the hydraulically
actuatable expander comprising the subject matter stated in the
characterising clause of claim 1.

rawi
The invention is described in greater detail below with reference to the
accompanying drawing illustrating an embodiment according to the inven-

tion, and in which

Fig. 1 is a longitudinal sectional view taken along the line A-A of Fig. 2 of -

a hydraulically actuatable expander according to the invention,
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Fig. 2 is a left end view of th expander of Fig. 1,
Fig. 3 is a right end view of the expander of Fig. 1,

Fig. 4 is a cross-sectional view taken alonglthe line B-B 'through the'

expander of Fig. 1,

Fig. 5 illustrates the same view as Fig. 4 when the expander enters an

expanded state,

Fig. 6 is a cross-sectional view taken along the line C-C through the

expander of Fig. 1,

Fig. 7 illustrates the same view as Fig. 6 when the expander enters an

expanded state,

Fig. 8 illustrates on a larger scale the same view as Fig. 4,

! ng. 9 illustrates on a larger scale the same view as Fig. 5,

Fig. 10 illustrates on a larger scale the same view as Fig. 6,
Fig. 11 illustrates on a larger scale the same view as Fig. 7,

Fig. 12 is like Fig. 2 a left end view of the expander, but on a larger scale
and with a flexible plate arranged around the expander and provided with
overlapping edges and locking means adjacent said edges,

Fig. 13 illustrate the same view as Fig. 12 when the expander enters an
expanded state and the locking means at the two edges of the plate have
entered a locking engagement with one another, and
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Fig. 14 illustrates on a larger scale the area indicated by means of the
circle D in Fig. 13 of the mutually engaging locking means.

Best Mode for Carrving Qut the Invention

Fig. 1 illustrates a hydraulically actuatable expander acéording to the
invention, but without the flexible plate which must be left in a
straightened pipeline.The expander 1 comprises an elongated cylinder
housing 2, which.in the illustrated embodiment is made of four intercon-
nected modules assembled by means of through stay bolts, each end of
said stay bolts being indicated by means of 3 and 4, respectively. Such a
module is shown with hatched lines immediately to the right of the sec-
tional line B-B of Fig. 1. This module comprises three bores in each of the
two sections succeeding one another in the longitudinal direction. The
subsequent three modules are correspondingly structured. The elongated
cylinder housing 2 is thus made of thess four modules, and in the illu-
strated embodiment it is manufactured with a hexagonal surface 5 and a
cylindrical longitudinal perforation 6, the axis of which coincides with the

central longitudinal axis 7-7 of the expander.

The above bores are produced in a plane hexagonal side or surface 5 and
are directed towards the central longitudinal axis. Thus a total of twenty--
four bores applies, and a cylinder sleeve 8 is inserted in each of these
bores.

In the illustrated embodiment, the three cylinder sleeves 8 in a single
section have been mutually staggered 120°, and the cylinder sleeves in a
section have been staggered 60°relative to the cylinder sleeves of an
adjacent section. Insteqd of placing the cylinder sleaves 8 in the sbove
bores in.the cylinder housing 2, it is, of courss, possible to manufacture a

suitable cylinder bore allowing a direct insertion of a piston.
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The illustrated embodiment with cylinder sieeves 8 is such that a piston 9
is inserted in each sleeve. The piston surface of each piston 9 facing away
trom the longitudinal exis is secured on an expander segment 10 partially
surrounding the cylinder housing 2. A total of six such expander segments
10 applies, each expander segment being circular in such a manner that in
the assembled state of the of the expander 1 they abut one another com-
pletely or substantially slong their edges extending in the longitudinal
" direction so as to form a closed cylindrical surface. Thus four pistons 9 are

secured to each of the six expander segments 10, cf. in particular, Fig. 1.

The bores 6 allow a feeding of pressurised hydraulic oil to the piston
surface facing the longitudinal axis in such a manner that said bore 6
forms part of a hydraulic pipeline for the feeding of said hydraulic oil pres-

sure.

When hydraulic pressure is applied for expanding the pistons 9 and
consequently the expander segments 10 secured to said pistons, the
diameter of the cylinder formed by the expander segt"nents is increased, as
shown in Figs. and 7 and on a larger scale in the corresponding Figs. 9
and 10. As a result, spaces 11 are formed between the longitudinal edges
of the individual expander segments 10.

Now you can Imaglne that some of the expander segrﬁents 10 tace less
resistance than other sagments from the collapsed pipeline into which the
hydraulically actuatable expander is inserted so as to straighten and repair
- said pipeline. It is also possible to imagae that the resistance to the expan-
sion of an expander segment 10 is stronger at one end of said expander
segment than at the opposite end. Therefore a risk exists that the
expander segments 10 are not always positioned on the same circular arc
or that the expander does not maintain its circular-cylindrical shape, but

becomes frusto-conical.
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Therefore at least two synchronizing mechanisms are provided, cf. Fig. 4
showing the folded state of the expander and Fig. 5 showing the
expanded state of said expander. The same synchronizing mechanisms are
shown on a larger scale in Figs. 8 and 9, respectively. The synchronizing
5 mechanism shown in Figs. 4, 5, énd 8, 9 is as shown arranged at the
sectional line B-B where the first module begins. A second corresponding
synchronizing mechanism is arranged at the location where the last mod-
ule ends in such a manner that the two synchronizing mechanisms are

symmetrically arranged around the transverse centre of the expander.

10 Each synchronizing mechanism comprises a synchronizing disk 12
arranged coaxially with the central Ibngitudinal axis of the expander. The
synchronizing disk 12 is pivotally connected to each of the expander
segments 10 or to a disk segment 13 secured thereto by means of respec-
tive synchronizing arms 14. The illustrated embodiment includes thus six

15 synchronizing arms 14. One end of sach synchronizing arm 14 is pivotally
journalled on the synchronizing disk 12 at bearings 15 arranged at the
same mutual éngular distance, here 60° and at the same distance from the
centre of the disk. The other end of the synchronizing arms 14 is pivotally
journalled in bearings 16 in the respective disk segment 13 on each of the

20 expander segments. As illuétfated in the drawing, the synchronizing arms
14 are arranged alternately on one side and the opposite side of the syn-
chronizing disk 12. It appears from Figs. 5 and 9, that when the expander
-axpands the synchronizing disk 12 turns counter-clockwise, cf. Figs. 4, 5,
8, and 9.

25 It appears furthermore that the individual expander segments 10 are bound
to expand iri the same extent all the time.

As stated above, the expander 1 comprises at least one additional syn-
chronizing mechanism of a completely identical structure. The synchroniz-

ing mechanisms are interconnected by means of a shaft 17 extending in
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the central longitudinal axis of the expander through a ¢ ntral opening in
each of the synchronizing disks 12 and being secured thereto by means of
keyway connections 18. As a result, the synchronizing disks 12 intercon-
nected by means of the shaft 17 are forced to turn the same number of
degrees counterclockwise during the expansion of the expander. Therefors
the expander segments are expanded to the same extent opposite each of
the two synchronizing mechanisms, and consequently the expander main-
tains its circular-cylindrical shape during the entire expansion irrespective

of whether it faces more resistance at some areas than at other areas.

As illustrated in Figs. 12 and 13, a flexible plate 19 with overlapping
edges 20 and 21 is arranged around the expander 1. This plate extends in
the entire longitudinal direction of the expander and covers thus both the
expander segments 10 and the spaces 11 resulting between said expander
segments 10 when the expander 1 expands. The plate 19 is preferably a
stainless rolled plate, but it can, of course, also be a plate of any other
material, such as plastics. Locking means 22 and 23, respectively, are
provided adjacent each of the overiapping edge's 20, 21 of the plate, cf.
Figs. 12 and 13. The locking means 22 and 23 are adapted to automatic-
ally enter a locking engagement when the desired straightening of the
pipeline has been complated. When the expander has expanded to such an
extent that the pipeline lias been straightened, the two locking means 22
and 23 arranged on their réspective sides of the pate 19 mast and position
themselves atop one another as shown in Figs. 13 and more clearly in Fig.
14. The locking means 22, 23 can for instance as it is known bs grooves
and projections, respectively, in the surface of the plate 19, but it is ac-
cording to the invention preferred that said locking means are provided in
form of a strong dual lock traded under the Trade Mark Dual Lock.

It turned out that locking means 22, 23 of this type are highly suitable for
maintaining the plate 19 in the expanded state after the expander has °

been caused-to contract so that it can be removed from the location in
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question insid’e the pipeline. Thus the plate 19 forms a plate cylinder
supporting the damaged, but straightened pipeline when the expander 1
contracts and is removed. Long pipelines can be straightened by repeating
the process, and the inserted plate cylinders 19 can be used for the final
repair or as preparation for a local repair prior to the insertion of a new

plastic lining into a pipeline.

All the illustrated twenty-fbur piston cylinder arrangements are of the
same type for practical reasons because they are double-acting. As a
resplt, they can all assist in the active withdrawal of the expander from
the expanded state. It is, of course, obvious that the expander segments
or some of said expander segments may be of a singlg-effect type. The

feeding of the pressurized hydraulic oil is as stated above performed

through the bore 6 while the supply of oil pressure for the returning of the
pistons 9 is performed through channels 24 in the cylinder housing. As
shown in Fig. 10, this hydraulic pressure acts on the opposite side 25 of
each piston.

When cylinder sleeves B are used for surrounding the pistons 9 it is ob-
vious that it is easy to replace these cylinder sleeves 8 by other cylinder
sleaves in such a manner that it is possible to obtain a larger stroke and
accordingly to use the sxpander for straightening pipelines of a larger

diameter.
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Claims

1. A hydraulically actuatable expander for straightening and repairing
partially collapsed pipelines by way of an insertion therein and with a
flexible plate with overlapping edges arranged around the expander, as
well as locking means adjacent each overlapping edge of the plate, said
locking means automatically entering a locking engagement when the
desired straightening of the pipeline has been obtained, charac-
terised inthat the expander comprises:

at least one elongated cylinder housing with a central longitudinal axis and
one or.a plurality of cylinder bores or cylinder sleeves in a single section
transverse to said longitudinal axis,

a piston inserted in each cylinder bore or each cylinder sleeve, whereby
the piston surface of said piston facing away from the longitudinal axis is
secured on an expander segment partially surrounded by the cylinder
housing, and where the piston surface facing the longitudinal axis com-
municates with a hydraulic channel for the supply of hydraulic pressure for
the expansion of ths pistons and consequently of the expander segments
secured thereto, said expander segments together surrounding the cylinder
housing, wherein the flexible plate continuously covers the expander
segments and the spaces therebetween during the expansion, and
\

at least two synchronizing mechanisms arranged at regular intervals in the
fongitudinal dirsction of the cylinder housing and being connected to the
expander segments in such a manner that all said expander segments
expand synchronously to the same extent, where said two synchronizing
mechanisms furthermore are interconnected such that the expander seg-
ments also expand to the same extent at the position of one synchronizing

mechanism as at the position of the second synchronizing mechanism.
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2. Expander as ciaimedinclaim 1, characterised inthatitcom-
prises several cylinder bores or cylinder slesves in a common section of
the cylinder housing, said cylinder bores or said cylinder sleeves being

arranged at a regular angular distance.

3. Expander as claimedinclam 1 or2, characterised in that the
cylinder housing comprises several sections succeeding one another in the
jongitudinal direction of said cylinder housing, said sections forming a
module.

4, Expander as claimed inclaim3, characterised in that the

cylinder housing is made of several interconnected modules.

5. Expander as claimed inclaims 2to 4, characterised inthatit
comprises four modules, each modules comprising two sections with three

cylinder sleaves provided with their respective pistons.

6. Expander 8s claimed inclaims 1to 5, characterised inthatit
comprises two synchronizing mechanisms, each synchronizing mechanism
being provided with 8 synchronizing disk pivotslly connected to each
expander segment by means of a plurality of synchronizing arms, where
one end of said synchronizing arms is pivotally connected to the synchron-
izing disk and the opposite end is pivotally connected to an exp;}\der
segment, wheraby the synchronizing disks of said two synchronizing
mechanisms are permanently interconnected by means of a shaft extend-

ing in the central longitudinal axis of the expanding.

7. Expander as claimed in claims 1to 6, characterised in that
the flexible plate is a rolled steel plate.

25 8. Expander as claimed in élaim~7, characterised inthatthe -
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locking means adjacent each of the overlapping edges of the plate are
formed by a dual lock, such as a Dual Lock.
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